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INVESTIGATIONOF STATICSTRENGTHANDCREEPBEHAVIOR

OFANALUMINW-ALWYMUZTIWESBOXBEAM

ATELEVATED!ITMPERATURES

ByEldonE.Mathauser

Theresultsofan investigation to determinethe static strength and
creepbehavioratelevatedtemperaturesof sevennorninaldyidentical
mltiwebboxbeamsmadeof 2k-T3aluminmalloyarepresented.The
methodsthatwereusedtopredictfailurestressesin’thestatic-
strengthtestswereingoodagreenentwiththeexperimentalresuits.
CreepdeflectionsandcreepIifetimesarepresentedforbeamssubJected
to constantloadsandtovariousheatingconditions.Lifetheis sat-a isfactorilypredictedfrommaterialstress-rupturedatawhentensile
failureoccursatbothconstantorvsryingtemperatures.

.

INTRODUCTION

Determinationof staticstrengthandcreepbehavioroffabricated
structuressubJettedto elevatedtemperaturesIsa problemof impor-
tanceinthedesignofaircraft.Roan-temperaturestaticstrengthof
fabricatedstructuressuchasboxbesmscanbe estimatedfrm methods
ofthetypeoutlinedinreference1. Althoughthesemethodsmaybe
usedto estimateelevated-temperaturestaticstrengthofboxbeams,the
resultshavenotbeenverifiedexperimentally.

At present,nomethodsareavailableforpredictingcreepbehavior
offabricatedstructures.Studieshavebeenmadeto obtainprocedures
fordeterminingcreepbehaviorof structuralcomponentssuchas columns,
stiffenedpanels,andsolid-sectionbeams(forexample,refs.2 to 4);
however,ex%ensionoftheseproceduresforapplicationtoboxbeanshas
notbeenmade. Thepredictionof creepbehavioroffabricatedstruc-
turesisa complexproblemforwhichapproximateorempiricalsolutions
maybemostpractical.Inanycase,thepredictionofcreepbehavior
shouldbe guidedandconfimedby experimentaldata.*
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Inthepresentpaper,a studyismadeoftheresultsobtainedfrom
static-strengthandcreeptestsat roomtemperatureandelevatedtemper-
aturesof sevennominallyidenticalmultiwebboxbeamsof24S-T3alum- +
inurealloy.Staticstrengthsaredeterminedfrmnproceduresgivenin
references1,~,and6andarecomparedwiththeexperimentaldata.
Tensileandcompressivefailuresoftheboxbesmsarepredictedinthe
static-strengthtestsfordifferenttemperaturesanddifferentexposure
times.Fortensilefailureinthecreeptests,thelifetimesforbeans
subjectedto constantloadandeitherconstantorvaryingtemperatures
arepredictedfrmntensilecreepdatapresentedwiththeuseofa time-
temperatureparsmeter(ref.7).

TESTSPEC-S, EQUIFMENT,ANDPROCEDURES

Thesevennominallyidenticalboxbeamsfabricatedforthisinves-
tigationweretaperedmultiwebbesms.Thebeamdimensions,theloca-
tionofthesupports,andthepointsofapplicationof loadsareindi-
catedinfigure1. Figure2 showsa crosssectionoftheboxbesms.
Thebesmsweremadeof2kS-T3aluminum-alloysheet,exceptthat
75s-T6aluminum-alloyangleswereselectedbecauseofavailability.
Theangleswereusedto jointhewebsandcoverplatesandwerealso
usedasuprightstiffenersonthewebsatthesupportsandatthe
pointsofapplicationoftheloads.Thedimensionsandmaterial
thicknessesofthesevenboxbeamsfabricatedforthestatic-strength
andcreeptestsareshowmintable1. Bothcoverplatesofthebox
besmswereofeqpalthiclmess.Thebucklingstressofthecompression
coverplateatroomtaperatureforthisbesmdesignwasapproximately
equl totheccmqyessiveyieldstressofthematerial.Forthisbeam
design,failureatroomtemperaturewasexpectedto resultfrcmin-
elasticbucklingofthecompressioncover.

Thebesmsweretestedatelevatedtemperaturesina furnace.In
figure3,thefurnaceisshownina raisedpositiontoexposethetest
beam.Additionalequipmentshownincludesthepowercontrolpanel,
thetemperaturerecorder,theload-deflectionrecomler,andthecon-
trolpanelforthehydraulicloadingapparatus.HydraulicJackswere
usedtoapplytiploadsonthespecimensinthestatic-strengthtests.
Weightcagesweremibsti’tutedforthehydraulicjacksinthecreeptests
to obtainconstantloads.Thetemperatureofeachspecimenat several
stationsalongthebeamwasobtainedbyusingiron-constantanthermo-
couples.Duringthetests,thespecimentemperaturewascontrolled
withinapproxtitely*#zoF ofthedesiredtemperature.Inthecreep

tests,deflectionsweremeasuredbyusingsmall-diametersteelwiresto
trsmsferthecreepdeflectionsofthebeantogagesmountedoutsidethe

~ .

furnace.
●
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h thestatic-strengthtests,thebesmswereheatedto thetest
& ‘temperature,exposedto testtemperaturefora selectedperiodoftime,

andthentiploadswereappliedhydraulicallyata uniformrate.Maxi-
mumloadwasattainedinabout15minutes.Madingoftheweightcages
andheatingofthebesmsbegansimultaneouslyinthecreeptests.
Approximately17minuteswererequiredto loadtheweightcages.The
furnacereachedthetesttemperaturein15minutes;however,anaddi-
tional45minuteswasrequiredto stabilizethebeamstothetest
temperature.Failurethe wasmeasuredfromthe- - - - - ““Degmnmg orneatmg.

RESULTSANDDISCUSSION

Static-StrengthTests ‘

.

Testresul.ts.-Threeboxbesm weretestedto detemninestatic

at370°F with~-hourexposu, andat

Theresultsofthesetestsaresummarized

strengthat roomtemperature,

425° F with2-hourexposure.
intableTI. Ccxupressivefailureofthebeamsoccurredat roantemper-

s aturesmdat370°F;tensilefailureoccurredat 425°F. Examplesof
thesefailuresareshowninfigure4.

d Failurestressesassociatedwiththemaxtiumtestloadsareshown
intableII. Thesestresseswerecalculatedby assumingthata fullly
pkasticrectangularstressdistributionwasproducedonthebeamcross
sectionwherefailureoccurredwhenthemaximumexperimentalloadswere
applied.Thenetsectionofthetensilecoverplatewasusedinthe
calculations.

Analysisfortypeoffailureandpredictionof staticstrength.-
Themagnitudeofthestressthatwillproducefailureofthetension
coverplateisdeterminedfrcmtheult-titetensilestrengthofthe
material.Theultimatetensilestrengthsofthebox-beamcover-plate
materialobtainedfortemperaturesandexposuretimescorrespondingto
thetestconditionsareshowninfigure5. Thesedatasupplemented
withdatafromreference8,aswellasthefailurestressesassociated
withthemaximumtestloadsofbesms1 to3,areplottedinfigure6
forthetwoexposuretimes.

Compressivestressesthatwillproducefailureofthecoverplate
canbe deteminedfromeqution(6)ofreference1. Thesestresses
tiealsoplottedinfigure6. Therivetcb.mpihgdistanceofthis
beamcross sectionisrequiredto calculatethemagnitudeofthemaxi-
mumccnnpressivestressforthecoverplate~d isassumedtobe the
distancefromthewebplameto thenearedgeoftheshanksofthe
rivetswhichattachthewebsto thecoverplates.Theplasticity
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.
coefficientq usedinequation(6) ofreference1 wasevaluatedfrcm
compressivestress-straindatainfigure~ ofthepresentreportand
fromdataofreference9.

Compressivefailureofthebeamispredictedfromfigure6 for all
temperaturesexceptintherangefrm 370°F to 480°F for2-hourexpo-
sureinwhichtensilefailureispredicted.Thetestresultsagreewith
thesepredictions.Sincethemagnitudeandthetypeoffailurestress
arepredicted,themaximumtiploadsu be calculated.Ifa fully
plasticrectangularstressdistributionisassumedonthebesmcross
sectionatfailure,tiploadsassociatedwith,thesepredictedfailure
stresseswill.be obtainedas shownintable11. Goodagreementbetween
thepredictedloadsandexperimentalLoadsisobtained.If stress
distributionsofthetypegiveninreferences~ and6 are assumed,
substantiallythessmemaximumtiploadswillbe obtained.Forthese
calculations,itwasassmedthatthestress-strainpropertiesofthe
I’5s-T6aluminum-alloysnglesareidenticaltothepropertiesobtained
fromthematerialusedinthe24S-T3alumimm-alloyboxbeamsshownin
figure5.

CreepTests

Test-conditionsandexperimentalresults.-Fourboxbeamswere
testedtodeterminecreepbehaviorunderseveraltestconditions.The
conditionsandresultsofthetestsaresummarizedintableIII. Creep
deflectionswereobtainedalongthelongitudinalcenterlineofthe
beamatthestationsindicatedinfigureT(a).

.

b

,r_

v

—

Besm4andbeamSweretestedatconstanttemperaturesof 3750F
andk2’j0F, respectively,untilfailureresulted.Eesm4 wassubjected
to a tiploadof‘j,400pounds,andbeam5 wasloadedat thetipwith
3,750pounds.Creepdeflectionsobtainedinthesetestsaregivenin
figuresT(b)and7(c). Failureoccurredineachtestby ruptureofthe
tensioncoverplate.

Beam6 wassubjectedto constantloadandwasheatedintermittently.“
Afteran initialheatingperiodofapproximately38 hoursat 425°F,the
beamwascooledto roomtempemhre. TM specimenwasthensubjectedto
temperaturecyclesofapproximately8 hoursat425°F andofapproxi-
mately16 hoursatrocmtemperatuuntilfailureoccurred.

.
Theperiods

atroomtemperatureIndicatedby thediscontinuitiesInthecurveshave
beenomittedinthedeflection-timehistoryshowninfigureT(d).TM
loadremainedonthespecimenuntilfailureoccurred.Failureinthis
besmoccurredbybucklingofthecompressioncoverplate.

b’
l?esm7wassubjectedto a constanttiploadatvarioustesttemper-

atureswithintermittentheating.Thecreepdeflectionsat station1
$
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andthetemperaturehistoryareshowninfigure7(e).Periodsofapprox-
d imately16hoursduringwhichthespecimenwascooledto roomtempera-

turehavebeenomittedinthefigure.Theloadwasmaintainedonthe
specimenuntilfailureoccurredby tensilerupture.

Thetensileandcompressivefailuresinthecreeptestsresembled
thefailuresshowninfigure4. However,evidenceoflocalyielding,or
plasticflowofthetensioncoverplatesneartherivetsat thebeam
centersection,wasobservedat thecompletionofthetests.Local
yieldingresultingfromstressconcentrationswasnotvisibleinthe
static-strengthtests.

Thedeflection-timecurvesoffigure7 showthatthebesmsfailed
soonsf’terthebeginningofaccelerateddeflection,andthatlittle
additionaldeflectionwasobtainedfromthebeginningofaccelerated
deflectiontothetimeofcollapse.Thisbehaviorsuggeststhatthe
deflection-timehistoryofboxbesmsmaygivelittlewarningto indi-
catewhencollapseis hmninent.

Determinationof creepdeflections.-An attemptwasmadeto calcu-
latecreepdeflectionsby usingtensilecreepdatagiveninreferences10

* to13.WE calculateddeflections,ingeneral,weresubstantiallyless
thantheexperimentalvalues.Inpart,thisdisagreementwasprobably
duetotheuseoftensilecreepdatathatwerenotrepresentativeofthe~ box-beammaterialandoftestconditionsforthebesms.Also,shear
andbearingdistortionsat therivetedconnectionswereneglectedin
thecalculations.Distortionswerenoticeablearoundtherivetsand
mayhaveproduceda significantincreaseinthecreepdeflections.At
present,nomethodisavailableforpredictingtheseeffectson creep
deflections.

Predictionoflifetimeforconstantloadandconstanttemperature.-
Tensilestress-rupturedataareusedinthepresentreportforpredicting
tensilerupturetimeforbeamssubjectedto constantloadandconstant-
temperature.A masterrupturecurvefor24S-T3aluminumalloyis
obtainedby plottingtensilestress-rupturedata(refs.10to 13) in
termsoftheparametersgiveninreference7. Theseparameters(shown
in fig. 8) are stress and TR(17+ logt),where TR istemperaturein
degreesRankine,t isrupturetimeinhours,and 17 isa material
const~tevaluatedfor24S-T3alminumalloyinreference14.

TIEresultsofthepresentbox-besmcreeptestsareshowninfig-
ure8 intermsofmaximumbendingstresses,temperatures,andfailure
timesfrcmtableIII. Thepredictedfailuretimesforthebeams,
obtainedfromthemasterrupturecurve,aregivenintablesIIIandIV.

● Satisfactoryagreementbetweenthepredictedandexperimentallife-
timesisobtainedfortensilefailures.

●
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Beam6, intermittently heatedat 427°F, failedbybucklingin
approximately80percentofthetimepredictedfortensilefailure.
Thisbeamwassubjectedtoa s~llertiploadthanbeam5 (testedat a
constant-temperatureof425°F)forwhichtegsilefailureoccurred.No
criterionhasbeenestablishedforpredictingtheoccurrenceof compres-
sivefailureh theboxbeamsfromthelimitedtestdata. Themaster
rupturecurvedoes,however,establishtheapproximateupperMmit for
lifetimeofthesebeams.

.—

Predictionoflifetimeat constantloadandvaryingtemperatures.-
Thelifetimeofboxbeam7was predictedbyassumingthatfigure8 could
be usedtodeterminerupturetimefora specimensubjectedto constant
stressandvaryingtesttemperatures.Beam7 wassubjectedtoa bending

—

stressof 30.0ksiandto severaltemperaturesforperiodsshowninfig-
ure7(e).Theseperiodsateachtemperatureincludethe1 hourrequired

--

toheatandto stabilizethespecfmenat testtemperaturebutdonot
includethetimeduringwhichthespecimenwascooledtoroomtemperature.

Ihthisreport,itisassumedthattheheatingandthecooling
periodsmaybe reducedtoequivalenttimeattesttemperatureby means
oftherelation(seeref.7)

@

where T1 and T2 representdifferenttesttemperaturesindegrees —
Rankine,and tl and t2 representtimeat therespectivetesttem- —
peratures.Thetime-temperaturehistoryoftheheatingandthecooling
periodsofthebeamwasdividedintosmalltimeincrements,andthepre-
viousrelation(eq.(1)]wasusedtoreducethetimeincrementstocorre-

—

spendingthe incrementsat testtemperature.Thesecomputationsindi-
catedthateachheatingandeachcoolingperiodcorrespondedto

.-

approximately0.60hourand0.25hour,respectively,attesttemperature.
Thethe ateachtesttemperatureshownintableIVincludesthese
adjustmentsfortheheatingandthecoolingperiods.Thebeamlifetime
predictedfromfigure8 foreachtesttemperatureandthepercentageof
thepredictedlifetimeexhaustedateachtesttemperaturearealsogiven
inthistable.Thetotalof thepercentagesincolumn(k)of tableIV
indicatesthatthelifetimepredictedinthismanneris approximately
~percentlessthantheexperimentallifetime.Theaccuracyof thelife-
timepredictedforthiscasecomparesfavorablywiththeaccuracyofthe
lifetimepredictedfortensilefailureforconstant-testtemperaturesin
tableIII.

—

.—

~
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CONCLUDINGREMARKS

Bothtensileandcompressivefailuresoccurredinthestatic-
strengthandcreeptestsof sevennominallyidenticalmultiwebboxbeams
of 2~-T3aluminumalloyatdifferentloads,temperatures,andexposure
conditions.- thestatic-strengthtests,thetypeoffailurewaspre-
dictedaccurately,andthefailingormaximumloadsweredeterminedsat-
isfactorilyfrommethodsgivenintheliterature.Tensilefailuretime
ir.thecreeptestswaspredictedsatisfactorilyfortheseparticularbox
beamswhensubjectedto constantloadandeitherconstantorvarying
temperatures.Tensilecreepdataplottedintheformof stressagainst
a the-temperatureparameterwereusedforpredictionof thelifetimeof
theboxbeams.Nomethodswerefoundthatsatisfactorilypredickedcreep
deflectionsor creepbucklingfailure.

LangleyAeronauticalLaborato~,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,August23,1954.

s
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TABLEI.-DIMENSIONSOF24S-T3AWMINUM-AILOYMULTIWEBBOXBEAMS

Beam
Beamdepth,in. Coverplate,in. Web

thickness,
Tip Root Width Thickness h.

Total
length,
in.

2.79
2.78
2.77
2.78
2.78
2.78
2.77

;:$
3=75
3.80
3.78
3.78
3.78

10.75
10.78
10.75
10.78
10.77
10.77
10.76

0.126
.126
.126
.126
.127
.126
.126

0.064
.064
x%:

‘ .064
.065
.064

96.0
96.0
96.0
96.0
96.0
96.0
96.0

b

w
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TABI.EII.- STATIC-STRRWIEITESTCONOITION8ANDRESOLTS

*

Mmdmlml
tipload,

lb

7,860
6,340
6,I2o

Magnitude
of failure ~e
stress, of
kai failure
(a)

Compressive
R; Compressive
41.7 Tensile

predicted
failure
stres6,

(f% 6)

47.3
41.7
43.2

Predicted

tipload,
Ill

7,370
6,4$uI
6,340

aFailurestress,correspondingtomaximumtestload,calculatedby assuminga
UPlastfC reck- E*SB tidmilmtiononbeamcrosssection.

TABLEIII.-CREEPTESTCONDITIONSANOFEWLTH

Eeam

4

2
7

!&St
temp., of
%’ heating

375 Contlnumm
425 Co?mnuous
425 M3ermittent
Varied Drkermittent

Maximum

Tip bending~il-
Stress, t-,load, ~1

lb hr

W
(a)

5,400 39.1 23.8
3,7.5027.3 37.8
3,400 24.4 64.o
4,175 ~.O 32.3

Type
of

failure

Tensile
Tensile

Compressing
Tensile

Predicted
tensile

failuretime,
hr

(fig.8)

J
22.5
38.7
81.2

(SeetableIV)

a~~~ S*6S h co~r pkte atbeginningof creeptestcalculatedfr~
!lem?ntarybeamtheory.

u

IJ
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TABLEIV.-C!REEPTESTRESULTSFORBOXBEAM7SUBJECTEDTOCONSTANT

LOADANDVARYINGTEMPERATURES

(1)

Test
temp.,
OF

37?
400
410
415
k20
430
43’3

Total

(2)

Timeat
testtemp.,hr

a

9.45
2.35
4.50
4.25
5*35
1.00
4.30

31.20

(3) I (4)

Fredictedtensile
Partoflifetime

failurelxbne,
exhaustedateachtest
temp., percent,i.e.

hr (fig.8) (2)— x 100
(3)

211.~

36:6
28.6
22.5
14.0
11.1

4.3
3*9

12.3
14.9
23.8

3i::
I

105.0

aAdjustedforheatingandcoolingperiodsreducedtoequiva-
lenttimeattesttemperature.
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Figurel.-Viewofboxbeamshowingsupportlocationsandpointsof
applicationof lea@.

~ +-in. diam.rivets,+-in. pitch(seenote)

/
+;’~ angle%75s-T6 1 coverplates,24S-T3

r8

Note:All rivetsareflat-head A17S-T4exceptthreeinnerrowsin top coverwhichare Huckblind
rivets,brazierhead,type P4G.

F&ure 2.-Typicalcrosssectionof boxbesm.
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Figure3.- Test eqtipment.
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L-815~
(a)Compressivefailure,bottomcoverplate.

w

S%=L+5+I-:..%3?’--.9“iti - -..?-------- L i. i

(b)Tensilefailure,topcoverplate.

Figure4.-Ty_picalfailuresof 24S-T3almninum-alloymultiwebboxbeams
in static-strengthtests.
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Figure5.-
alloy.

Strain

Tensileandcompressivestress-straincurvesfor
Specimenthicl.mess,1/8inch;strainrate,0.032

24S-T3aluminum
perminute.
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Box-beamstatic-strengthtestresults
o Compressivefailure
❑ Tensile failure

I I
Ultimatetensile

\

—~-hr exposure
2

I I
Ultimatetensile

~ Beam I

Beam3-- ._

‘Maximum coppressive ?
\
\
\

\ \

— 2- hr exposure

o 200 400

Temperature,“F
.

Figure6.-4 Variationsofultimatetensilestressand
stresswithtemperaturefor2kS-T5aluminum-alloy
beamstatit-strengthtestresultsincluded.)

600

maximumcompressive
boxbeams.(Box-
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v
L+5+~ — 12~12 —7 d

Ski.I Sta.2 Sta.3 Sta.4

(a)Stationsonlongitudinalcenterlineatwhichcreepdeflections
weremeasured.

5

4

3
Deflection,

in.
2

t

o

(b)Beam4;test
loadrequired

Figure7.-Creep

5 10 15 20
lime,Iv

temperature,375° F;tipload,‘5,400
toproducehmnediatefailureat3750

deflectionsof24S-T3aluminum-alloy

25

HI (85 percentof
F). Tensilefailtie. —

multiwebboxbeams.

.

L
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5

4

3
Deflection,

in.
2

I

o 10 20 30 40
Time,hr

(c) Besm5; testtemperat~e,4250 F;tipl=d, 3,750”lh“(6I percentOf-. loadrequiredtoproduceimmediatefailureat425°F). Tensilefailue.

4

3
Deflection,

in.
2

I

o 10 20 30 40 50 60 70

Time,hr

.
(d)Beam6; testtemperature,425°F; tipload,3,4~ lb (56percentof’

loadrequiredtoproduceimmediatefailureat425°F). Besmtemperature
. reducedtoroomtemperaturefor16hoursateachdiscontinuity.Compres-

sivefailure.

Figure7.-Continued.
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5

4

3
Deflection,

in,
2

I

o 5 10 t5 20 25 30 35
Time,hr

(e) Bean7; testtemperaturevaried;tipload,4,175lb. Beam-temperature
reducedto roantemperaturefor16hoursateachdiscontinuity.Tensile
failure.

.

c,

——

Figure7.-Concluded.”
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box-beamcreeptests.
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